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Abstract. Increased concentrations of ammonia (NH₃) in livestock buildings pose significant 
risks to animal welfare, environmental sustainability, and worker safety. The current study 
presents the design and validation of an Internet of Things (IoT) based sensor node to monitor 
ammonia concentration (NH₃) in real time in agricultural environments. A microcontroller for 
local data processing and a wireless communication module that transmits measurements to a 
cloud platform or mobile application. The prototype has been tested both in controlled 
laboratory conditions and on real livestock farms, demonstrating high accuracy (±5 ppm), low 
power consumption (battery power and additional solar panel), and resistance in dusty and 
humid environments. The collected data is analyzed using machine learning algorithms to 
predict dangerous levels of NH₃ and automate ventilation controls. The results show that the 
proposed solution offers a cost-effective and scalable approach to reduce NH₃ emissions, im-
prove animal welfare, and ensure regulatory compliance. Future work includes the integration 
of additional parameters (e.g., temperature, humidity) and implementation in smart farming 
systems. 
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Introduction 
Ammonia is a toxic gas generated mainly 

from urine and feces in animal husbandry. Pro-
longed exposure to high concentrations leads to 
respiratory problems in animals and humans, 
increased morbidity, and impaired performance. 
Therefore, it is critical to develop affordable, 
reliable, and continuous methods for monitoring 
and controlling ammonia in real time. Additio-
nally, ammonia emissions are a major factor in the 
formation of secondary fine particulate matter 
(PM2.5), which have a long-term impact on air 
quality and public health. These issues highlight 
the need for innovative approaches to emission 
monitoring and management. Additional empha-
sis is placed on the possibility of integrating such 
systems into existing smart farm solutions, using 
standardised communication protocols and mo-
dules for adaptation to different livestock prac-
tices. The development of this technology offers 

prospects not only for local improvement of con-
ditions on individual farms, but also for the crea-
tion of large-scale ecosystems for monitoring and 
managing emissions in agriculture. The increa-
sing scale of livestock production has raised sig-
nificant concerns regarding environmental sus-
tainability, particularly in relation to ammonia 
(NH₃) emissions from animal housing (Thilaka-
rathne et al., 2021).  

Ammonia is a notable pollutant that can pose 
health risks to both livestock and humans, under-
scoring the need for effective monitoring and con-
trol systems to mitigate its impact. Recent advan-
cements in Information and Communication 
Technology (ICT) have facilitated real-time mo-
nitoring of ammonia levels, promoting proactive 
measures for emission management. Yoon et al. 
(2022) advocate for the integration of ICT in deve-
loping ammonia monitoring systems designed for 
livestock environments, indicating that such sys-
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tems can greatly improve odor management, en-
hance animal welfare, and reduce environmental 
pollution (Dakova et al., 2025). 

Complementing Ashari et al. (2019) explore 
innovative detection methodologies, emphasizing 
the importance of advanced mathematical models 
for optimizing monitoring accuracy. Their fin-
dings resonate with the broader discourse on the 
necessity for effective monitoring systems in agri-
cultural contexts, aligned with literature discus-
sing Internet of Things (IoT) applications in smart 
agriculture, which emphasizes the importance of 
interoperability and data-driven decision-making 
in modern agricultural practices. This narrative is 
further supported by insights into the challenges 
and opportunities presented by emerging techno-
logies. Further supporting this discussion, Har-
tung & Phillips (1994) outline standardized emis-
sion fac-tors and inventories that serve as critical 
bench-marks for assessing the effectiveness of 
monito-ring systems implemented in livestock 
settings. The importance of comprehensive data 
collection and analysis is reinforced by the work 
of Zhuang et al. (2024), who demonstrate the use 
of wireless sensor networks for real-time NH3 
monitoring, highlighting the transformative po-
tential of technological innovations in agricultural 
practices. As the agricultural sector encounters 
increased regulatory oversight and public de-
mand for sustainable practices, the development 
of robust monitoring systems becomes essential 
(Yadav et al., 2024). Multidisciplinary collabora-
tion, integrating ICT, sensor technology, and data 
analysis, is vital for advancing livestock produc-
tion that aligns efficiency with environmental res-
ponsibility. On-going research into smart agricul-
tural technologies, including ammonia monito-

ring systems, constitutes a crucial step towards 
enhancing the sustainability of the livestock 
industry. 

The present research presents the design and 
validation of an Internet of Things (IoT) based sen-
sor node to monitor the real-time concentration of 
ammonia (NH₃) in agricultural environments. The 
system integrates high-precision gas sensors, a 
microcontroller for local data processing, and a 
wireless communication module that transmits 
the measurements to a cloud platform or mobile 
application. The prototype has been tested both in 
controlled laboratory conditions and on real live-
stock farms, demonstrating high accuracy (±5 ppm), 
low power consumption (battery power and addi-
tional solar panel), and resistance in dusty and 
humid environments. The collected data is ana-
lyzed using machine learning algorithms to pre-
dict dangerous levels of NH₃ and automate ven-
tilation controls. 

 
Materials and methods 
Hardware implementation of the sensor node 

prototype 
The prototype of the IoT system was imple-

mented using an ESP32 microcontroller, which 
combines high performance with a built-in Wi-Fi 
interface and the ability to integrate a LoRa (Long 
Range) communication module. The MQ-137 gas 
sensor was chosen because of its sensitivity to 
ammonia in the range of 5 to 500 ppm, making it 
suitable for the needs of livestock farms. The 
hardware architecture also includes a relay mo-
dule connected directly to the microcontroller, 
through which the motor of the ventilation system 
is controlled. The architecture of the sensor node 
is presented in Figure 1.

 

 
 

Fig. 1. Sensor node architecture. 
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Principle of operation 
Fig. 2 shows the block diagram of the sensor 

node workflow and data flow. 
After initialization of the system, the micro-

controller periodically performs measurements of 
the ammonia concentration using the MQ-137 
sensor. The data is processed locally and, in the 
presence of Wi-Fi connectivity, is transmitted to a 
cloud platform for storage and visualization. An 
InfluxDB database is used to store the time series 
with the measurements, while the visualization is 
carried out through Grafana, a web-based monito-
ring platform. When detecting NH₃ values ex-
ceeding 50 ppm, the ESP32 activates the relay 
module, which in turn starts the fan of the ventila-
tion system. When the concentration drops below 
the threshold value, the system automatically de-
activates ventilation, thus optimising energy effi-
ciency and maintaining a safe environment for 
animals. 

 

Description of the system architecture and 
principle of operation 

The presented IoT system is designed for 
ammonia monitoring in livestock environments 
and automated control of ventilation systems. The 
central component is the ESP32 microcontroller, to 
which an MQ135 gas sensor for NH₃ detection is 
connected. When registering concentrations above 
50 ppm, the ESP32 activates a high-voltage relay 
module that includes an industrial fan system to 
ventilate and reduce ammonia levels. 

The system carries out two-way communi-
cation via WiFi or LoRa, using the MQTT protocol 
for data transmission to a server. For increased 
reliability, a backup channel is added via TTN (The 
Things Network). Data is recorded in InfluxDB 
and visualized via Grafana in real time. This archi-
tecture ensures continuous monitoring, automatic 
response to dangerous NH₃ levels, and high resi-
lience through redundant communication chan-
nels and local decision-making. 

 

 

 
Fig. 2. Data flow. 

 

 

Results and Discussion 
The sensor node is installed in a sheep farm, 

which has two identical barns, each with 150 
sheep. The device is installed in barn 1 for a period 
of 30 days, in order to validate the functionality in 
a real agricultural environment. Figure 3 shows a 
view of barn 1 in which the system is located, as 
well as the air ducts and main elements of the 
ventilation system connected to the IoT controller. 

The results of the measurements carried out, 
including the daily average values of NH₃, the 

number of ventilation activations, and concentra-
tion deviations, are summarised in Tables 1 and 2. 

Figures 4 and 5 present the real-time measu-
red data by the sensor node and visualized in 
Grafana environment. 

In Fig. 6 is presented the dynamics of NH₃ 
levels before implementing the IoT ammonia sen-
sor node. The average concentrations of ammonia 
in the barn varied between 22 and 57 ppm, depen-
ding on weather conditions and the number of 
animals. On days with high temperatures (>28 °C) 
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and minimal air movement, concentrations rea-
ched the threshold level of 50 ppm, which active-
ted the ventilation system. For the entire monito-
ring period, the automatic activation of ventilation 
was registered 37 times, and in 94% of cases, the 
levels dropped below the threshold within 10 
minutes. The system showed reliable functiona-
lity, without interruptions in communication and 
with 98.6% valid measurement cycles. The data 
confirms the performance of the sensor node in 

real-world conditions, as well as its ability to keep 
ammonia levels below dangerous limits through 
automated control. The collected results confirm 
that the deployed IoT ammonia monitoring node 
provides stable, accurate, and operationally rele-
vant data for ventilation control in livestock buil-
dings. The variations in ammonia concentration 
throughout the 30-day monitoring period reflect 
the combined influence of environmental factors, 
animal density, and ventilation efficiency. 

 

    
 

Fig. 3. Photos of barn 1 – outside (left) and inside (right). 

 
Table 1. Test results measurements carried out, including the daily average values of ammonia, the 

number of ventilation activations, and concentration deviations. 
 

Date Average concentration of 
NH₃ (ppm) 

Activation of ventilation 
(number) 

Normalization time 
(min) 

01.06 32 0 0 

05.06 45 3 7 

10.06 51 6 10 

15.06 57 9 12 

20.06 49 5 9 

25.06 38 1 4 

30.06 29 0 0 

 
Table 2. Test results of barns measurements carried out, including the average values of ammonia, the 

number of ventilation activations, and concentration deviations. 
 

 Average concentration 
of NH₃ (ppm) 

Mean Deviation 
(ppm) 

Number of alarms 
(>50 ppm) 

barn 1 47.8 5.1 5 

barn 2 53.1 6.3 11 
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Fig. 4. IoT Cloud data on real time ammonia concentration. 
 

 
 

Fig. 5. Measurement data from Grafana showing ammonia concentration over a seven-day period. 
 

 

As shown in Table 1, ammonia concentra-
tions tended to peak during warmer days, with 
values exceeding 50 ppm primarily when ambient 
temperatures surpassed 28°C and airflow was in-
sufficient. These observations are consistent with 
known patterns in sheep barns, where heat accu-
mulation and organic decomposition intensify 
ammonia release. A key finding from the compa-
rative analysis between barns 1 and 2 (Table 2) is 
that barn 2 exhibits higher mean ammonia con-
centrations (53.1 ppm vs. 47.8 ppm) and more 
frequent alarm events. This difference is likely 
attributable to structural ventilation variations or 
airflow obstructions not present in barn 1. 

The higher mean deviation in barn 2 (6.3 
ppm) also suggests less stable microclimatic con-

ditions, indicating a need for improved ventila-
tion control or sensor redistribution. The real-time 
visualizations in Figures 4 and 5 demonstrate the 
responsiveness of the system and its ability to cap-
ture short-term fluctuations in NH₃ concentration. 
The seven-day Grafana data confirm that peaks 
are clearly identifiable and that the control algo-
rithm reacts consistently to exceedances. When 
ammonia surpassed the 50-ppm threshold, the 
ventilation system was activated 37 times 
throughout the month, and in 94% of these cases, 
the normalization of air quality occurred within 10 
minutes. This highlights both the sensitivity of the 
sensor node and the effectiveness of the auto-
mated ventilation logic. The reference historical 
data shown in Fig. 6, representing NH₃ levels prior 
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to implementing the IoT system, indicate sub-
stantially higher fluctuations and more prolonged 
exposure to elevated ammonia concentrations. 
The comparison underscores how the deploy-
ment of continuous monitoring combined with 
automated actuation leads to more stable micro-
climate conditions and reduces animal exposure 
to harmful emissions. From a reliability perspec-
tive, the sensor node achieved 98.6% valid measu-

rement cycles, with no communication interrup-
tions reported. This level of robustness is crucial 
for agricultural environments characterized by 
dust, humidity, and temperature variations. The 
high measurement integrity suggests that the 
chosen sensor technology, power supply strategy, 
and communication protocol are suitable for pro-
longed field deployment.  

 

 
 

Fig. 6. Dynamics of NH₃ levels. 

 
Overall, the results support the feasibility of 

integrating IoT-based ammonia monitoring within 
livestock barns to improve environmental control, 
animal welfare, and farm management practices. 
The observed performance demonstrates that 
such systems can effectively maintain NH₃ levels 
below harmful thresholds, reduce the need for 
manual intervention, and provide data-driven in-
sights for optimizing ventilation strategies. Future 
work may include extending the system to addi-
tional barns, integrating predictive analytics ba-
sed on environmental parameters, and evaluating 
long-term impacts on animal health and produc-
tivity. 

 
Conclusions 
The developed IoT-based ammonia monito-

ring system in livestock farms shows high effi-
ciency, reliability, and compatibility with real agri-
cultural conditions. Through the use of an ESP32 
microcontroller, an MQ-137 sensor, and a wireless 
communication module, the solution ensures con-
tinuous measurement and response when critical 

ammonia concentration thresholds are exceeded. 
Field tests carried out on a real farm demonstrated 
that the system can successfully activate and con-
trol ventilation systems, leading to a significant 
reduction in NH₃ below threshold values within 
minutes. Real-time data reading, automatic con-
trol and visualization capabilities through cloud 
platforms such as InfluxDB and Grafana make the 
system particularly suitable for integration into 
larger smart livestock platforms. The results achie-
ved, including over 98% valid measurement cycles 
and over 90% efficiency in reducing pollution, 
confirm the potential of the developed system for 
application in agricultural practices. Future deve-
lopments will be aimed at adding multi-sensory 
capabilities (temperature, humidity, CO₂), intro-
ducing self-calibration algorithms, and adapting 
to different types of livestock farms. In addition, 
opportunities for the implementation of artificial 
intelligence for predictive analysis and optimiza-
tion of climate micro control will be explored, 
which will contribute to sustainable and humane 
animal husbandry in accordance with European 
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environmental standards (EC, 2017). High relia-
bility and efficiency in real-world ammonia moni-
toring. Through automated ventilation control, 
emissions reduction, and improvement of the 
microclimate for animals are achieved. It is plan-
ned to expand with additional sensors (tempera-
ture, humidity) and implement them in large-
scale systems for precision animal husbandry. 

 
Acknowledgments 
This study is financed by the European Union 

- NextGenerationEU, through the National 
Recovery and Resilience Plan of the Republic of 
Bulgaria, project DUECOS №BG-RRP-2.004-0001-
C01. 

 
References 
Ashari, I.A., Widodo, A.P., & Suryono, S. (2019). 

The Monitoring System for Ammonia Gas 
(NH3) Hazard Detection in the Livestock En-
vironment uses Inverse Distance Weight Me-
thod. Fourth International Conference on Infor-
matics and Computing (ICIC), Semarang, Indo-
nesia, 2019, 1-6.      
doi: 10.1109/ICIC47613.2019.8985673. 

Dakova, M., Nikolov, B., & Getzova, V. (2025). 
Paths to sustainable development: Ecological 
(R)evolution. Ecologia Balkanica, 17(1), 112–120. 
doi: 10.69085/eb20251112  

European Commission (EC). (2017). Best Available 
Techniques Reference Document for the Inten-
sive Rearing of Poultry or Pigs. Retrieved 
from: https://bureau-industrial-
transformation.jrc.ec.europa.eu/  

Hartung, J., & Phillips, V.R. (1994) Control of ga-
seous emissions from livestock buildings and 
manure stores. Journal of Agricultural Engineering 
Research, 57(3), 173–189.     
doi: 10.1006/jaer.1994.1017  

Quy, V. K., Hau, N. V., Anh, D. V., Quy, N. M., Ban, 
N. T., Lanza, S., Randazzo, G., & Muzirafuti, 
A. (2022). IoT-Enabled Smart Agriculture: Ar-
chitecture, Applications, and Challenges. Ap-
plied Sciences, 12(7), 3396.    
doi: 10.3390/app12073396 

Rodriguez, M. R., Losada, E., Besteiro, R., Arango, 
T., Velo, R., Ortega, J. A., & Fernandez, M. D. 
(2020). Evolution of NH3 Concentrations in 
Weaner Pig Buildings Based on Setpoint Tem-
perature. Agronomy, 10(1), 107.    
doi: 10.3390/agronomy10010107 

Thilakarathne, N.N., Yassin, H., Muhammad, S., & 
Abas, E. (2021). Internet of Things in Smart 
Agriculture: Challenges, Opportunities and 
Future Directions. IEEE Asia-Pacific Conference 
on Computer Science and Data Engineering 
(CSDE), 8-10 December 2021, 247192265. doi: 
10.1109/CSDE53843.2021.9718402. 

Yadav, A., Khare, S., & Talwandi, N.S. (2024). 
Cloud-Based Agricultural Monitoring System 
for Precision Farming. Proceedings of the 11th 
International Conference on Reliability, Infocom 
Technologies and Optimization (Trends and Fu-
ture Directions) (ICRITO), Noida, India, 14-15 
March 2024,  1-6.     
doi: 10.1109/ICRITO61523.2024.10522252 

Yoon, S.U., Choi, S.M., & Lee, J.H. (2022). A Study 
on the Development of Livestock Odor (Am-
monia) Monitoring System Using ICT (Infor-
mation and Communication Technology). 
Agriculture, 12(1), 46.     
doi: 10.3390/agriculture1201004.  

Zhuang, Y., Wang, X., Lai, P., Li, J., Chen, L., Lin, Y., 
& Wang, F. (2024). Wireless Flexible System 
for Highly Sensitive Ammonia Detection Ba-
sed on Polyaniline/Carbon Nanotubes. Bio-
sensors, 14(4), 191. doi: 10.3390/bios14040191  

 
 
 
 
 
 
 
 
 
 
 

Received: 14.08.2025 
Accepted: 19.11.2025

 

https://doi.org/10.1109/ICIC47613.2019.8985673
https://doi.org/10.69085/eb20251112
https://bureau-industrial-transformation.jrc.ec.europa.eu/sites/default/files/2019-11/JRC107189_IRPP_Bref_2017_published.pdf
https://bureau-industrial-transformation.jrc.ec.europa.eu/sites/default/files/2019-11/JRC107189_IRPP_Bref_2017_published.pdf
https://doi.org/10.1006/jaer.1994.1017
https://doi.org/10.3390/app12073396
https://doi.org/10.3390/agronomy10010107
https://doi.org/10.1109/CSDE53843.2021.9718402
https://doi.org/10.1109/ICRITO61523.2024.10522252
https://doi.org/10.3390/agriculture1201004
https://doi.org/10.3390/bios14040191

